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© Articulated needle guide for ultrasound imaging and method of using same. 



© An apparatus configured to direct a medical 
needle onto a target inside a living body as 
indicated by an ultrasound imaging device in- 
cludes an ultrasound transducer and a needle 
guide holding the medical needle, both at- 
tached to a vertical post by movable arms, an 
ultrasound imaging device and a com- 
puter-cpntroller. The arms are provided with 
links connected by universal joints which per- 
mit positioning by the physician of the trans- 
ducer and the needle guide in any place on the 
body in the desired direction. The position of 
the m components is indicated to the computer 
controller by sensors mounted in the joints of 
the arms or by wireless transmission, the trans- 
ducer issues signals regarding the target point 
to the imaging device which transmits the infor- 
mation to the computer controller, the latter 
adjusting the angular direction of the needle 
trajectory onto the target. The physician places 
the transducer on the body in accordance with 
the image of the target projected on the screen 
of the imaging device, and places the needle 
point on the skin close to the target, whereupon 
the direction of the needle trajectory is auto- 
matically adjusted by the apparatus. 
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TECHNICAL FIELD. 

The present invention relates to apparatus for 
performing needle biopsy or aspiration by automati- 
cally controlling the movement of a medical needle as 
it penetrates the body guided by an ultrasound imag- 
ing device. 

BACKGROUND ART. 

During recent years interventional ultrasound di- 
agnosis and therapy has become widely used, and 
many surgical procedures have been replaced by 
more gentle and less time consuming needle therapy 
to the benefit of the patient. Inter alia, ultrasonic im- 
aging of maternal and fetal tissues has greatly facili- 
tated prenatal diagnosis and treatment, and ultra- 
sound imaging devices greatly assist the physician in 
properly positioning a biopsy needle to perform am- 
niocentesis, cordocentesis and trans-abdominal 
chorionic sampling. 

There are many different biopsy techniques and 
needles, and the needle depends on the type of pa- 
tient and the target organ. The method mostly used 
today is the"f ree hand" technique, whereby the trans- 
ducer is placed at a certain distance from the entry 
site of the needle and the needle is manipulated with 
one hand. This technique requires considerable skill 
and frequently repeated punctures, unless the target 
is relatively large or located superficially. For these 
reasons and because manipulation of the needle as 
guided by an ultrasound image requires both hands 
of the physician, there exists the trend to design and 
provide automatic devices for guiding the needle as 
directed by the ultrasound beam. 

Early developed devices include a needle attach- 
ed to an ultrasound transducer housing in spaced- 
apart, articulated manner, thus enabling the physi- 
cian to manually direct the needle onto the desired 
biopsy location and to insert it to the required depth. 
Such devices are, for instance, disclosed in US. 
4,899,756 (SONEC) and US.4,91 1,173 (TERWILUN- 
GER). While all of these devices provided some 
movement of the needle guide and needle relative to 
the transducer, the physician was significantly ham- 
pered in positioning the needle prior to and during in- 
sertion, as well in positioning the transducer once the 
needle had been inserted into the body. 

A commonly used device includes a transducer 
and a coaxial needle guide for manual positioning and 
insertion of a needle. While these devices allow rapid 
and convenient guided biopsy, they have several sig- 
nificant drawbacks:- 1) the transducer must be 
placed directly over the lesion which requires its ster- 
ilization or its draping by sterile covering. 2) The 
phvsician is forced to hold the transducer in one hand 
while using the other for sterilizing and anesthezing 
the biopsy site. 3) After insertion of the needle the 



transducer must be held by an assistant or must be 
removed while the needle is maneuvered. 4) Multiple 
passes may necessitate re-positioning of the trans- 
ducer and reinsertion of the needle. 5) The existing 

5 needle guides may make it difficult to enter some su- 
perficial lesion. 6) Most slotted transducers are linear 
in configuration and relatively large, making some 
costal and subcostal approaches difficult 

A completely automatic apparatus for computer 

10 controlled stereotactic brain surgery is disclosed in 
US.5,078,140 (KWOH). This apparatus is highly com- 
plicated and expensive and, for this reason, available 
for large institutions only. It has to be calibrated for ev- 
ery operation, and does not belong into the category 

15 of the present apparatus designed for multiple, daily 
use by any physician who need not be specially skil- 
led in this art 



20 



SUMMARY OF THE INVENTION. 



The present invention has as its main object to 
provide a computer-controlled needle guide enabling 
the physician to get to the target as close as possible. 
Its other object is to permit positioning of the ul- 

25 tra-sound transducer distanced from the actual entry 
site thereby permitting the physician to place the nee- 
dle in an optimal position. 

It is still another object to direct the needle in an- 
gular alignment with the path of the ultrasound beam, 

30 so as to enable the physician to view the needle dur- 
ing its entire progress inside the body, in contracdis- 
tiriction to the existing devices and the free-hand 
method. ^ 

: And it has a final object to permit the physician 

35 the use of both hands for insertion of the needle with- 
out the help of an assistant 

The apparatus is ". semi-automatic in that it re- 
quires the surgeon to place an ultrasound transducer 
onto the skin, into the rectum or the vagina, and the 

40 point of a medical needle onto the skin of a patient in 
the most suitable location as viewed on the screen of 
the imaging device, whereu pon the angle of the nee- 
dle is adjusted by computer-controlled mechanical 
means in a manner causing its manual or automatic 

45 insertion to hit the target 

The mechanical part of the apparatus includes a 
vertical cylindrical post and two articulated arms mov- 
able along and around the post. One arm includes a 
first horizontal link slidingly movable along and 

so around the post by means of a sleeve at its near end 
and a second, allaround movable link attached to the 
end of the first link by a universal joint or ball-and- 
socket joint An ultrasound transducer is attached to 
the end of the second link by means of a universal or 

55 ball-and-socket joint permitting its manual placing in 
any location of a patient's body. 

The other arm includes a first horizontal link slid- 
ingly movable along and around the post by means of 
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a sleeve at its near end a second, allaround movable 
link attached to the end of the first link by a universal 
joint or ball-and-socket joint. A needle guide is attach- 
ed to the end of the second link and is automatically 
movable in all directions and angles by servo-motors 
built into the different components holding the needle 
guide. These components include a shaft rotatable 
mounted in a ball-and-socket joint at the end of the 
second arm which also includes a servo-motor for ro- 
tating the shaft At the end of the shaft two spaced- 
apart links are attached at their respective one end 
while their other ends are pivotally connected to two 
lugs on a needle guide. One of the links is rigidly at- 
tached to the shaft end and is longitudinally adjust- 
able by a servo-motor, while the other link is pivotally 
attached to the shaft end, thus permitting the angular 
adjustment of the needle guide in one plane, while the 
rotary motion of the shaft serves to adjust the angle 
in a direction perpendicular thereto. 

Insertion of the needle is either manual or, alter- 
natively by a third servo-motor likewise controlled by 
computer signals. 

The sleeves on the first links are provided with 
fixation means on the post, while all servo-motors 
possess magnetic brakes holding the links in their ad- 
justed final position. 

After manual setting of both arms and their links 
their respective angular and longitudinal motion from 
a zero-position is signalled to the computer by suit- 
able sensors. The computer is preferably program- 
med to serve as an image processor of the ultrasound 
, image, allowing the physician to mark the target on 
^the computer screen. By computing the data from the 
position sensors and the ultrasound generating and 
imaging device, the computer adjusts the needle di- 
rection onto the target The physician, while watching 
the process on the imaging device is able to interfere 
and to adjust faulty operation of the apparatus. 

In a preferred embodiment of the apparatus the 
required trajectory of the needle onto the target may 
be displayed on the imaging device overlaid over the 
picture of the target it is also feasable that the com- 
puter should display instructions to the physician as 
to the position of the needle guide and/or the trans- 
ducer on the patient's body. 

The position of the needle guide and the ultra- 
sound transducer can also be determined by using 
wireless transmission such as radio, ultra-sound or 
light transmitting units, or light reflecting units, 
mounted on the needle guide, or on the needle itself, 
and on the ultrasound transducer, suitable receivers 
being used for transmission of the position to the com- 
puter. 

A preferred method of defining the position of the 
ultra-sound transducer while using wireless trans- 
mission includes positioning three small battery-op- 
erated infra-red ultra-sonic transponders on the ultra- 
sound transducer in triangular alignment, each trans- 



ponder having a different triggering code. A controller 
is provided with three spaced-apart infra-red ultra-so- 
nic transceivers which emit coded infra-red signals to 
the respective transponder on the transducer and re- 

5 ceive ultra-sonic responses from the respective 
transponder. The received signals are geometricaly 
calculated by the controller (so-called triangulatbn) 
providing the exact position of the transducer in 
three-dimensional space. 

10 A similar procedure is used to direct the needle 

onto the target as transmitted by the ultra-sound 
transducer to the processing and control unit This 
unit is povided with two transmitters transmitting 
wireless signals to two transponders mounted on the 

is needle guide which issue signals for directing the 
needle in two dimensional directions, namely effect- 
ing rotational motion and angular adjustment of the 
needle. The transponders send their responses, 
thereby recording the needle posit ton in real time. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates the apparatus of the inven- 
tion in isometric view, showing the ultrasound irrv 
25 aging deice and a computer controller in the 

background. 

Figure 2 illustrates a needle guide and the 
means for attaching it to the univrsal joint and for 
providing its angular motion, 
30 Figure 3 illustrates a biopsy carried out with the 

help of the apparatus, 

Figure 4 is an isometric view of the apparatus il- 
lustrated in Figure 1, provided with means for 
wireless transmission between transducer, con- 
35 t roller and needle guide, " 

Figure 5 illustrates the needle guide of Figure 2, 
provided with means for wireless transmission, 
and 

Figure 6 illustrates a biopsy wherein both the 
40 transducer and the needle guide are provided 

with means for wireless transmission. 

DETAILED DESCRIPTION OF THE DRAWINGS 

45 With reference to Figure 1 the mechanical part of 

the apparatus comprises a vertical, cylindrical post 1 
which is firmly mounted on the floor or any other sta- 
tionary support and movable thereon by means of 
caster wheels 3. Two arms are movable along and 

so around the post, one arm supporting an ultrasound 
transducer 4 and another arm supporting a needle 
guide 5 and a medical needle 6 . The arm supporting 
the transducer includes a horizontal link 10 which is 
lovable along and around the post by means of a 

55 sleeve 11, the latter being provided with fixation 
means (not visible) for maintaining its exact position. 
A flexible link 12 is attached to the end of the horizon- 
tal link by means of a ball-and-socket joint 13 which 
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allows the physician to place the transducer into any 
desired location on the patient's body, such as the 
skin, the rectum or the vagina. The transducer itself 
is attached to the end of link 12 by another ball-and- 
socket joint 14, permitting its angular adjustment for 
smooth adherence to the skin.of the patient. 

The transducer is electrically connected to an ul- 
trasound generating and imaging device 31 and to a 
computer 32 adapted to control the motion of the nee- 
dle guide. 

A needle guide 5 is attached to an allaround mov- 
able link 22 of the second arm by means of a ball-and- 
socket joint 23 which permits the surgeon to position 
the needle onto a point on the skin chosen by him as 
the most suitable. Link 22 is attached to a horizontal 
link 20 by means of another ball-and-socket joint 24, 
while the link 20 is connected to and manually mov- 
able along and around post 1 by means of a sleeve 
21, likewise provided with fixation means. 

Since it is imperative that all medical components 
in contact with the patient are to be completely sterile, 
while it is practically impossible to sterilize the entire 
apparatus, it becomes necessary to sterilize the nee- 
dle guide while the remaining non-sterile parts of the 
apparatus are kept far enough from the patient's 
body. As shown in Figure 2 the needle guide is pro- 
vided with two long lugs 7 which are connected to the 
guide body by pivots 8 allowing, the lugs to swing 
about an angle corresponding to the angle of entry 
into the skin. 

The angular position of the needle guide 5 - and 
the medical needle 6 - is controlled by computer 32 
with the aid of ultrasound device 31 by signals indi- 
cating the exact target location. The needle guide 5 
is mounted in the ball-and-socket joint 23 by means 
of a shaft 40 which is rotatably positioned in joint 23 
and adapted to be rotated by a servo-motor 25 adapt- 
ed to change the angle of the needle in one sense of 
direction. 

Aangular adjustment of the needle in the second 
sense of direction is performed by a second, recipro- 
catingly acting servo-motor 45 which serves to 
change the length of a link 41, 42 which is firmly at- 
tached to the upper lug 7 by socket means and is at 
its other end rigidly connected to the end of shaft 40. 
The link includes. a sleeve 41 which contains a bar 42 
in longitudinally sliding arrrangement moved in or out 
of the sleeve by servo-motor 45. The needle guide is 
additionally connected to the shaft end by a second 
link 43 which has its one end pivotally connected to 
the shaft end (44) and its other end rigidly connected 
to the lower lug 7 of the needle guide by socket 
means. By shortening or lengthening (ink 42 the angle 
of the needle axis is changed in respect of the skin 
surface in the plane dictated by the rotation of shaft 
40, and the combined action of the two servo-motors 
brings the needle axis into accurate aiming position 
onto the target. As soon as the physician is aware o% 



the correct position he inserts the needle into the 
body until the needle point is on the target as viewed 
on the ultrasound imaging device. 

As an alternative the two lugs 7 may be rigidly at- 

5 tached to the needle guide and be pivotally connected 
to the ends of the links 42 and 43. 

It is also proposed to provide an additional servo- 
motor which will propel the needle towards the target 
by a distance as controlled by the computer. 

10 Figure 3 illustrates the apparatus in action, with 

the needle inserted straight into the target area as in- 
dicated by the ultrasound image. The different com- 
ponents of the apparatus have not been numbered in 
this figure, since their construction has been clearly 

15 explained with reference to Figures 1 and 2. 

As an alternative connection between transduc- 
er 4 and the controller 32 as well as between control- 
ler and needle guide 5 is by wireless transmission. A 
preferred infrared-ultrasonic transmission method is 

20 indicated in respect of the apparatus illustrated in Fig- 
ure 4. Herein all components are identical with those 
shown in Figure 1 with the exception that the cable 
between controller and needle guide has been omit- 
ted and that both the transducer and the needle guide 

25 are provided with battery-operated infrared-ultrason- 
ic transponders. The transducer is provided with 
three responders 33, 33',33" mounted on a angular 
frame 9, while the needle guide is provided with two 
transponders 46, 47 in spaced-apart alignment 

30 These arrangements are shown at an enlarged scale 
in Figures 5 and 6. 

The controller 32 is provided with at least three 
spaced apart infrared-ultrasonic transceivers for 
communication with the transponders 33, and with 

35 the needle guide. These transceivers are not shown 
in the drawing as known to the art. The three respon- 
ders on the transducer as well as the two responders 
on the needle guide have each a different triggering 
code corresponding to the code emitted by the trans- 

40 ceivers, each transceiver triggering the correspond- 
ing responder by a coded infrared signal, whereupon 
the responder emits an ultrasonic signal to the trans- 
ceiver. These signals are computed so as to indicate 
the exact position of the transducer and of the needle 

45 guide and to energize the latter to direct the needle 
onto the target, the operation being identical with that 
described with reference to Figures 1 through 3. 

As mentioned above the physician can see the 
image of the target on the ultrasound screen and, as 

50 an additional feature the required needle trajectory 
may also be shown on the screen, next to the image 
of the target 

It will be understood that the apparatus as illu- 
strated and described herein before represent only 

55 examples of the invention, whiich may be varied annd 
modified by a person skilled in the art, within the 
scope of the appended Claims. 
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Claims 

1. Apparatus for performing needle biopsy or aspir- 
ation by automatically controlling the direction of 
a medical needle towards a target as indicated by 5 
an ultrasound imaging device, the apparatus 
comprising, 

a post provided with means for its firm 
positioning on a horizontal surface near a patient, 
said post being provided witrra vertical, cylindri- 10 
cal portion, 

a first arm adapted to permit manual pos- 
itioning of an ultrasound transducer on any por- 
tion of a patient's body, said arm including a hor- 
izontal link movable along and around said verti- is 
cal portion of said post an allaround movable link 
having its one end attached to said horizontal link 
by universal joint means, and an ultrasound 
transducer attached to the second end of said 
movable link by universal joint means, 20 

a second arm adapted to permit manual 
positioning of a medical needle held by a needle 
guide on any portion of a patient* s skin, said arm 
including a horizontal link movable along and 
around said vertical post portion, an allaround 25 
movable link having its one end attached to said 
horizontal link by universal joint means, and a 
needle guide attached to the other end of said link 
by universal joint means, 

a shaft carrying said needle guide by 30 
means of links, movable in one common plane, 
said shaft being rotatably mounted in said univer- 
sal joint means, and servo motor means for rotat- 
ing said shaft and said needle guide, 

two links connecting said needle guide to 35 
the end of said shaft and servo motor means for 
changing the angle of said needle guide in a 
plane as defined by the angular position of said 
shaft, 

ultrasound generating and imaging means 40 
connected to said ultrasound transducer, 

sensor means provided on said two arms 
adapted to sense and to transmit signals regard- 
ing the position of each said arm in respect of a 
predesignated zero position, 45 

sensor means provided on said universal 
joint means adapted to sense and to transmit sig- 
nals regarding the angular deviation of each said 
universal joint means from a predesignated zero 
position, so 

electronic computing, image processing 
and controlling means adapted to compute the 
relative position of said tranducer and said nee- 
dle guide from signals received from said sen- 
sors, to compute the position of said target in the 55 
patient's body from signals received from said ul- 
trasound generating and imaging device, and to 
control the direction of said needle guide towards 



said target by signals issued to said two servo 
motors. 

2. The apparatus of Claim 1, wherein said universal 
joint means are ball-and-socket joints. 

3. The apparatus of Claim 1, wherein said needle 
guide is provided with two long, spaced apart 
lugs for connection to said rotatable shaft by 
means of said two links. 

4. The apparatus of Claim 3, wherein said lugs are 
pivotally connected to said needle guide. 

5. The apparatus of Claim 3, wherein said lugs are 
rigidly connected to said needle guide. ' 

6. The apparatus of Claim 3, wherein said links con- 
necting said needle guide to said rotatable shaft 
include a first link having its one end rigidly and 
removably attached to one lug on said needle 
guide and its other end pivotally attached to said 
rotatable shaft, and a second link having its one 
end rigidly and removably attached to said sec- 
ond lug on said needle guide and its other end rig- 
idly connected to said rotatable shaft, said sec- 
ond link having its length varied by said servo mo- 
tor means, thereby changing the angular position 
of said needle guide and said medical needle in 
respect to the skin surface in the direction of the 
target 

7. The apparatus of Claim 6, wherein said second 
link includes a sleeve and a bar slidingly movable 
inside said sleeve by means of said servo-motor. 

8. The apparatus of Claim 1, wherein said post is 
mounted on a heavy base supported by and mov- 
able on caster wheels. 

9. Apparatus for performing needle biopsy or aspir- 
ation by automatically controlling the direction of 
a medical needle towards a target as indicated by 
an ultrasound imaging device, the apparatus 
comprising 

a post provided with means for its firm 
positioning on a horizontal surface near a patient 
said post being provided with a vertical, cylindri- 
cal portion, 

a first arm adapted to permit manual pos- 
itioning of an ultrasound transducer on any por- 
tion of a patient's body, said arm including a hor- 
izontal link movable along and around said verti- 
cal portion of said post, an allaround movable link 
having its one end attached to said horizontal link 
by universal joint means, and ah ultrasound 
transducer attached to the second end of said 
movable link by universal joint means, 
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a second arm adapted to permit manual 
positioning of a medical needle held by a needle 
guide on any portion of a patient's skin, said arm 
including a horizontal link movable along and 
around said vertical post portion, an allaround 5 
movable link having its one end attached to said 
horizontal link by universal joint means, and a 
needle guide attached to the other end of said link 
by universal joint means, 

a shaft carrying said needle guide by 10 
means of links, movable in one common plane, 
said shaft being rotatably mounted in said univer- 
sal joint means, and servo motor means for rotat- 
ing said shaft and said needle guide, 

two links connecting said needle guide to 15 
the end of said shaft and servo motor means for 
changing the angle of said needle guide in a 
plane as defined by the angular position of said 
shaft, 

ultrasound generating and imaging means 20 
connected to said ultrasound transducer, 

wireless transmitting units, such as radio, 
ultrasound, infrared or any other light transmit- 
ting or reflecting unit, or mounted on each said 
needle, holder or said needle and on said ultra- 25 
sound transducer, 

receiving means for detecting signals is- 
sued by said wireless transmitting units, provided 
with means for transmitting said signals to said 
computer. 30 

10. The apparatus as claimed in Claim 9, wherein 
said ultarsound transducer is provided with three 
spaced-apart infrared-ultrasonic transponder 
units each having a different triggering code, and 35 
wherein said controller means is provided with at 
least three spaced-apart transceivers each con- 
figured to communicate with one of said three 
transponders by coded infrared signals and to 
compute the position of said transducer from ul- 40 
trasonic responses received from said trans- 
ponders. 

11. The apparatus of Claim 9, wherein said needle 
guide is provided with two spaced-apart infrared- 45 
ultrasonic transponders each ahving a different 
triggering code, and wherein said controller 
means is provided with atleast three spaced- 
apart transceivers each configured to communi- 
cate with one of said two transponders by coded so 
infrared signals and to adjust the position of said 
needle guide to effect the needle point to be di- 
rected onto the target as indicated by said ultar- 
sound transducer. 

55 

12. The apparatus as def ined in any of the preceding 
Claims, wherein said computer is configured to 
indicate the required trajectory of said needle on 



the screen of said ultrasound imaging device. 

13. The apparatus as defined in any of the preceding 
claims, wherein said computer is conf igured to is- 
sue directions to the physician regarding inter- 
ception of the target by said needle 

1 4. The apparatus for needle biopsy or aspiration as 
defined, in Claims 1 through 13 and substantially 
as herein before described with reference to the 
accompanying drawings. 
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